is more controversial. In lesser doses (an average cigarette yields about 1 mg of absorbed nicotine), the substance acts as a stimulant [2] . This stimulant effect is likely to be a major contributing factor to the dependence-forming properties of tobacco smoking [3] . On the contrary, high amounts (50-100 mg) can be harmful [4] .
Introduction
The prevalence of tobacco smoking appears to be increasing in the World Health Organization Eastern Mediterranean Region and the African Region. In 2015, over 1.1 billion people, far more males than females, smoked tobacco. Nicotine is an alkaloid derived from the tobacco plant "Nicotiana tabacum. " It constitutes approximately 0.6%-3.0% of the dry weight of tobacco and is present in the range of 2-7 μg/kg of various edible plants [1] . The role of nicotine in mammals www.acbjournal.org https://doi.org/10.5115/acb.2017.50. 3.187 miological studies tobacco smoking has been identified as an important factor in premature skin aging [6] [7] [8] . The improvement of skin quality has gained particular attention as skin mirrors natural aging [9, 10] .
Therefore, this study aimed to detect the histological changes occurred in adult guinea pig thin skin under the influence of low and high doses of nicotine.
Material and Methods
A total number of 15 adult (4 months old) male pigmented "discolors" guinea pigs (450-600 g body weight) were used in this study. They were purchased from Central Animal House, Faculty of Medicine, Assiut University. All animal procedures were in accordance with the standards set forth in guidelines for the care and use of experimental animals by Committee for Purpose of Supervision of Experiments on Animals (CPC-SEA) and according to National Institute of Health (NIH) protocol, and approved by the Institutional Ethics Committee of Assiut University. The animals were housed in clean capacious cages under standard conditions (light, temperature with food, and water provided ad libitum).
Animal groups
The animals were divided into two main groups. -Group I (control): consisted of five guinea pigs that were subcutaneously injected with 0.5 ml sterile saline 0.9% daily for 4 weeks.
-Group II (nicotine treated): consisted of 10 guinea pigs that were subcutaneously injected with nicotine hydrogen tartrate salt (1-methyl-2-(3-pyridyl) pyrrolidine-bitartrate salt; Sigma, St. Louis, MO, USA). Nicotine dose was dissolved in 0.5 ml sterile saline 0.9%. This group was equally subdivided into two subgroups, according to the dose of nicotine; five animals each: subgroup IIA (low dose nicotine treated), injected subcutaneously with nicotine at a dose of 3 mg/kg daily for 4 weeks; subgroup IIB (high dose nicotine treated), injected subcutaneously with nicotine at a dose of 6 mg/kg daily for 4 weeks. The nicotine doses (3 mg/kg and 6 mg/kg) were chosen to approximate the plasma levels reported in moderate and heavy smokers, respectively [11, 12] .
This study used discolors (white and brown) male guinea pigs so that epidermal sampling could be controlled. Males were selected to exclude oestrogenic influences.
At the end of the experiment, the animals were anesthetized with ether and an area (2×3 cm) on the back thin skin was shaved and 1 cm specimens of full thickness brown skin were dissected out immediately. The specimens from each animal were cut and immersed in the appropriate fixative for light and electron microscopic examination.
Light microscopy
Full thickness skin specimens (5 mm) were immersed into 10% neutral buffered formalin for 48 hours. Then, the specimens were processed for the preparation of paraffin blocks. Paraffin sections (5 μm) were cut serially using a microtome (Leica RM 2125RT, Wetzlar, Germany), mounted on glass slides, and every 10th section was stained with hematoxylin and eosin (H&E) stain. In addition, selected sections were processed for Masson's trichrome stain for demonstration of collagen fibers and Orcein stain for demonstration of elastic fibers [13] .
Electron microscopy
Skin specimens were cut into thin slices (1×1 mm) and immersed in 4% glutaraldehyde in cacodylate buffer (pH 7.4) for 24 hours and post fixed in 1% osmium tetroxide in phosphate buffer for 2 hours. Tissues were rinsed in the same buffer, dehydrated with alcohol, cleared with propylene oxide and embedded in Epon-812 substitute (cat. No. 02635, SPI-Pon Araldit Kit, AB., SPI Supplies, West Chester, PA, USA). For Polymerization, the embedded samples were kept in the incubator at 35°C, 45°C, and 60°C for 1 day each [14] . Semi-thin sections (0.5-1 μm) were cut with glass knives on the ultramicrotome (LKB Bromma 8800 Ultratome III, 3518, StockholmBromma, Sweden) and stained with 1% toluidine blue (pH 7.3) for examination on a light microscope (Bx50, Model Bx50F-3, SC09160, Olympus, Tokyo, Japan). Ultrathin sections (50-80 nm) were cut from selected areas of the blocks on a Reichert ultramicrotome (Leica WILDM3Z, 89386, Wien, Austria) placed on copper grids (G 300, 3.05 mm, Polaron Equipment Ltd., Watford, UK) and contrasted with uranyl acetate and lead citrate. These sections were examined using the transmission electron microscope (Jeol E.M.-100 CX11, Japanese Electron Optic Laboratory, Tokyo, Japan) and photographed at 80 kV.
Using computer-assisted image analysis (AnalySIS-2004, Soft Imaging System, Olympus), the thickness of the epidermis in micrometers was measured by the arbitary distance method, measurement was done viewing H&E-stained sections using a 10× objective lens in five non-overlapping fields in 10 randomly chosen sections/animal. On measuring the Anat Cell Biol 2017;50:187-199 189 www.acbjournal.org thickness, three measurements were taken along the length of the epidermis/field and the mean value of these measures was taken; the first measure was at medial end of the epidermis, the second was at its lateral end and the third was at the middle [15] . The rete ridges length in micrometers was measured by the arbitrary distance method, measurement was done viewing H&E-stained sections using a 40× objective lens in five non-overlapping fields in 10 randomly chosen sections/ animal. The number of melanocytes per mm 2 was counted by touch count method viewing H&E-stained sections using ×100 oil immersion lens in five non-overlapping fields in 10 randomly chosen sections from three different animals for each group.
Statistical analysis
The morphometric data of each animal group were statistically analyzed using the computer statistics Prism-5.0 package (GraphPad Software Inc., San Diego, CA, USA). One-way analysis of variance (ANOVA) followed by Newman-Keuls test as a post-test was employed to compare the studied animal group. P-value of <0.05 was considered significant.
Results

Light microscopy
Epidermis Group I (control) revealed the normal histological structure of the guinea pig thin skin (Fig. 1A) ; which resembled that of the human. The epidermis was formed of a keratinized stratified squamous epithelium resting on an irregular basement membrane at the dermo-epidermal junction (DEJ) forming well developed rete ridges. The thickness of the epidermis ranged from 61.0 to 193.8 μm (mean, 106.4±24.5 μm) (Table 1, Fig. 2 ). The rete ridges length ranged from 232.0 to 1,101 μm (mean, 548.4±334.8 μm) (Table 2, Fig. 3 ). The majority of the epidermal cells were the keratinocytes that arranged into four layers. Keratinocytes in the stratum basale were low columnar with oval nuclei. Melanocytes contained cytoplasmic brown melanin pigment, were observed in the basal layer. Their number ranged from 3 to 6 per mm 2 (mean, 4.5±1.2) ( Table 3 , Fig. 4) . Keratinocytes in the stratum spinosum were polyhedral with central rounded nuclei. The stratum granulosum consisted of spindle shaped keratinocytes, aligned parallel to the skin surface and filled with intracytoplasmic basophilic keratohyalin granules. The stratum corneum formed of acidophilic scales. Nicotine treated groups (IIA and IIB) revealed flattened DEJ and reduced rete ridges formation (Fig. 1B, C) . The thickness of the epidermis in group IIA was significantly decreased compared to group I. It ranged from 39.2 to 105.9 μm (mean, 67.2±15.5 μm) ( Table  1 , Fig. 2 ). On the contrary, the thickness of the epidermis in Fig. 2 ), accompanied by an increase in the number of granule cells (Fig. 1C) . The rete ridges length in group IIA ranged from 104.7 to 295.3 μm (mean, 223.2±73.8 μm) ( Table 2 , Fig.  3 ). The rete ridges length in group IIB ranged from 100.0 to 284.1 μm (mean, 177.0±71.7 μm) ( Table 2 , Fig. 3 ). Numerous melanocytes with increased melanin pigment were observed in the basal layer of group IIA (Fig. 1B) . Their number ranged from 7 to 13 per mm 2 (mean, 10.1±2.0) ( Table 3 , Fig. 4 ). But, group IIB revealed occasional melanocytes in the basal layer with few melanin pigments (Fig. 1C) . Their number ranged from 1 to 2 per mm 2 (mean, 1.4±0.5) ( Table 3 , Fig. 4 ). The stratum corneum in group IIA appeared as loosely attached swollen corneocytes (Fig. 1B) . Desquamated granular cells were observed in the corneal layer of group IIB (Fig. 1C ).
Dermis
Connective tissue fibers
Elastic fibers: Group I revealed thin thread-like elastic fibers which were more numerous around the hair follicles in the reticular dermis (Fig. 5A ). But, nicotine treated groups revealed thicker and fewer elastic fibers compared to group I (Fig. 5B, C) . Group IIB revealed more reduction in the amount of elastic fibers compared to group IIA.
Collagen fibers: Group I revealed compact bundles of collagen fibers which were thin and parallel to the skin surface in the papillary dermis and thick running in different directions in the reticular dermis (Fig. 6A) . But, nicotine treated groups revealed less compactly arranged collagen bundles with spaces between them (Fig. 6B, C) . Group IIB revealed more widely separated collagen bundles compared to group IIA (Fig. 6C ).
Sebaceous glands
In group I, sebaceous glands were consisted of basal flattened cells and large polyhedral cells that had rounded nuclei and vacuolated cytoplasm (Fig. 7A) . Sebaceous glands cells with dark irregular shaped nuclei and accumulated secretion were observed in group IIA (Fig. 7B) . But, group IIB revealed sebaceous glands with swollen polyhedral cells containing ac- Anat Cell Biol 2017;50:187-199 191
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Mast cells
Group I mast cells, observed in the reticular dermis, contained numerous intracytoplasmic metachromatic granules (Fig. 8A) . A reduction in the mast cells granules was observed in nicotine treated groups (Fig. 8B, C) .
Electron microscopy
Basal cells
In group I, basal cells were rested on basement membrane where the tonofilaments were condensed to form hemidesmosomes and their lateral plasma membrane extended numerous microfolds. Desmosomes were noticed at the lateral and apical aspects of the cells. Their nuclei were euchromatic with peripheral heterochromatin and the nuclear envelope was invaginated for a variable distance. Their cytoplasm was electron dense contained numerous free ribosomes, mitochomdria and tonofilaments (Fig. 9A) . While, in nicotine treated groups, basal keratinocytes revealed increased intercellular spaces with prominent lateral plasma membrane microfolds, and ill-defined desmosomes at their lateral and apical aspects. They had oval nuclei contained dense clumps of heterochromatin. Their cytoplasm contained numerous mitochondria and dilated rough endoplasmic reticulum (RER) cisternae (Fig. 9B, C) .
Melanocytes
In group I, melanocytes cell bodies were observed in the stratum basale. They had rounded nucleus with indented nuclear envelop contained dense clumps of heterochromatin both beneath the nuclear envelope and throughout the nucleoplasm. Their cytoplasm was electron dense contained free ribosomes, mitochondria, tonofilaments, and numerous melanosomes of variable electron densities and shapes; some melanosomes were oval in shape and others were elongated. Desmosomes were found between melanocytes and adjacent keratinocytes. Melanocytes had branching processes containing melanosomes that extended between neighboring keratinocytes of the basal and lower spinous cell layers (Fig. 10A) . Group IIA melanocytes were less electron dense compared to group I. Melanosomes were mainly found in the periphery of the cell body and the extending processes. Disruption of desmosomal junctions was observed between melanocytes and adjacent keratinocytes (Fig. 10B) . But, in group IIB melanocytes couldn't be distinguished.
Merkel cells
In group I, Merkel cells were observed in the stratum basale resting on the basal lamina and related to peripheral nerve terminals. They had rounded nucleus with indented nuclear envelop contained dense clumps of heterochromatin. Their cytoplasm characterized by small dense cored rounded basal granules. Few RER, mitochondria and free ribosomes were also observed (Fig. 11A) . Group IIA Merkel cells revealed convoluted hyperchromatic nucleus with depleted granules (Fig. 11B) . But, in group IIB Merkel cells couldn't be distinguished. A A B B C C
Fig. 9. Electron micrographs, stratum basale (×4,800). (A) Group I: basal cell nucleus (N) with invaginated nuclear envelope. Desmosomes (white arrowhead), membrane microfols (arrow), basement membrane (BM), hemidesmosomes (black arrowhead). (B) Group IIA: basal cell nucleus (N), mitochondria (m), dilated rough endoplasmic reticulum cisternae (R), disrupted desmosomes (arrowheads), basement membrane (BM). (C) Group IIB: basement membrane (BM), basal cell nucleus (N). Note the increased intercellular spaces with prominent lateral plasma membrane microfolds (arrowheads).
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Stratum spinosum
In group I, keratinocytes in the stratum spinosum had rounded to oval nuclei. Their nuclei were euchromatic with few peripheral heterochromatin and revealed prominent nucleoli and the nuclear envelope was invaginated for a variable distance. Their cytoplasm contained tonofilaments that were condensed at the sites of desmosomes (Fig. 12A) . In group IIA, keratinocytes in the stratum spinosum had irregularly shaped nuclei with peripheral clumped chromatin and some of them contained prominent nucleolus. Their cytoplasm contained vacuoles of variable sizes and some of them were located near the nuclei causing their indentation. Irregular tonofilaments distribution with increased intercellular spaces were observed (Fig. 12B) . Some melanosomes were observed among tonofilaments of keratinocytes. Occasional apoptotic cells with margination of condensed chromatin were also observed (Fig. 13B) . In group IIB, keratinocytes in the stratum spinosum revealed conspicuous irregular tonofilaments distribution with increased inter-cellular spaces and disruption of desmosomes (Fig. 12C). A B 
Langerhans cells
In group I, occasional Langerhans cells were observed among the spinous cells. They had folded or lobulated nucleus with peripheral dense clumps of heterochromatin. Their cytoplasm contained the characteristic rod shaped granules with bulbous expansion. These granules were mainly found in the periphery of the cells. They had no filaments, and no desmosomes could be seen along their cell membrane (Fig. 14A) . In group IIA, Langerhans cells exhibited convoluted nucleus with few peripheral heterochromatin and their cytoplasm contained few rod shaped granules (Fig. 14B) . But, in group IIB Langerhans cells couldn't be distinguished.
A A B B 
Stratum granulosum
In group I, keratinocytes in the stratum granulosum showed oval euchromatic nuclei with prominent nucleoli and their cytoplasm contained variable sized keratohyaline granules and tonofilaments (Fig. 13A) . In nicotine treated groups group, large clumps of keratohyaline granules and thick bundles of tonofilaments were observed in the stratum granulosum (Fig. 13B, C) . Moreover, some keratinocytes in the stratum granulosum of group IIB revealed apoptotic nuclei with margination of condensed chromatin (Fig. 13D) . Others were in prophase stage of mitosis; the nuclear enveloped disappeared and the chromosomes appeared condensed (Fig.  13C) .
Sebaceous glands
In group I, sebaceous glands were consisted of two types of cells; flattened basal cells and polyhedral cells. The former had euchromatic oval nuclei with few peripheral heterochromatin. Their cytoplasm contained mainly free ribosomes. Some basal cells were in mitosis; chromosomes had almost completed their alignment on the metaphase plate. While, polyhedral cells had rounded to oval nuclei and their cytoplasm was filled with lipid droplets; most of them were bleached away giving it a "honey combed" appearance (Fig. 15A) . In nicotine treated groups, cells of the sebaceous glands exhibited apoptotic nuclei at various stages; margination of condensed chromatin and fragmentation with partially retained intracytoplasmic secretion (Fig. 15B, C) .
Mast cells
In group I, mast cells were characteristically observed near the blood capillaries and nerve fibers in the dermis. They had indented nuclei contained peripheral heterochromatin clumps. Their cytoplasm contained numerous electron dense granules (Fig. 16A) . In nicotine treated groups, mast cells contained few intracytoplasmic secretory granules and dilated RER cisternae (Fig. 16B, C) . 
Discussion
Guinea pig skin serves as a good model for human skin studies [16, 17] . In this study, the back thin skin in nicotine treated guinea pigs revealed flattening of the DEJ and reduced rete ridges formation. This finding was more pronounced in high dose nicotine treated group. A comparable study between unexposed (upper inner arm) and exposed (dorsal forearm) sites of elderly people was done by Lavker [18] . Senile skin revealed a relatively flat dermal-epidermal junction devoid of the micro projections of basal cells into the dermis, in both sites [18] . Similarly, Baumann [19] observed reduced rete ridges formation in abdominal skin of aged man (61-80 years old). This might lead to increased fragility of the skin and reduced nutrient transfer between the dermal and epidermal layers [19] .
Statistical results of this study revealed a significant reduction (P<0.05) in the mean thickness of the epidermis in low dose nicotine treated group. The apoptotic keratinocytes observed ultrastructurally in the stratum spinosum might correlate to the decreased epidermal thickness. Similarly, Branchet et al. [20] observed a thinner epidermis in aged men skin. Also, Oriá et al. [21] observed a significant decrease in the epidermal thickness of patients aged >60 years. Oxidative stress and accumulation of free radicals in keratinocytes accompanying aging and tobacco smoking might influence the genetic program and caused cell death [22, 23] . Ozguner et al. [22] demonstrated a significant decrease in plasma levels of melatonin (a powerful endogenous antioxidant) in cigarette smokers. In addition, it was reported that nicotine activates the nuclear transcription factor κB, which is involved in cell death [24] . Moreover, the epidermal thinning and the flattening of the DEJ might cause cutaneous atrophy [25] . In contrast, high dose nicotine treated group revealed an increase in the mean epidermal thickness. This finding could correlate to the increased number of granule cells accompanied with mitosis which observed in keratinocytes of the stratum granulosum ultrastructurally in high dose nicotine treated group. Several studies have confirmed that smokers tend to have an extensive and severe psoriasis (scaly patches of skin) [26] [27] [28] .
In addition, this study revealed changes in the stratum corneum in nicotine treated groups. It appeared as loosely attached swollen corneocytes in low dose nicotine treated group. But, high dose treated group exhibited desquamated granular cells in the corneal layer. These findings might reflect a decelerated cell turnover and account for the formation of heaps of corneocytes that render the skin surface rough and dull in appearance [29] .
Numerous melanocytes with increased melanin pigment were observed in this study in low dose nicotine treated group. Ultrastructurally, melanosomes were mainly found in the periphery of the melanocytes cell body and their extending processes. Moreover, melanosomes were observed among tonofilaments of keratinocytes. In agreement, it was reported that in tobacco-users the melanocytes are stimulated to produce melanin granules and to distribute them out to the surrounding keratinocyres. It was reported that smokers can typically be identified by characteristic cutaneous and mucosal discoloration [30, 31] . Nicotine, which can act as a precursor in melanin synthesis, is capable of irreversibly binding melanin and accumulating in melanin-containing tissues [32] . Tadakamadla et al. [33] concluded that nicotine and benzopyrene in the tobacco smoke stimulated the production of melanin from the melanocytes. Also, Nakamura et al. [34] provided the evidence that tobacco smoke enhances pigmentation in vitro. They also suggested that the increase in pigmentation might involve β-catenin-and aryl hydrocarbon receptors-mediated mechanisms inside human melanocytes.
Keratinocytes in nicotine treated groups in this study revealed increased inter-cellular spaces with disrupted desmosomes. This finding was more pronounced in high dose nicotine treated group. Desmosomes are intercellular junctions that provide strong adhesion between cells. Because they also link intracellularly to the intermediate filament cytoskeleton, they form the adhesive bonds in a network that gives mechanical strength to tissues. The desmosome-intermediate filament complex is a network or scaffolding that maintains the integrity of such tissues. When desmosomal adhesion fails, tissues that are subjected to mechanical stress may fall apart [35] . Also, Xin et al. [36] reported defective epidermal permeability barrier in heavy cigarette smokers.
In this study, dermal elastic fibers became thickened and fewer in nicotine treated groups. Consistently, Wulf et al. [37] reported thickened, tangled, and degraded elastic fibers in skin areas exposed to solar radiation. In agreement, Ortolan et al. [38] observed degenerated, thickened, tangled, and often fragmented elastic fibers in preauricular skin of elderly individuals (70 years). Also, Bosset et al. [39] found that the network of elastic fiber in superficial papillary dermis were diminished or absent in sun exposed facial skin of Caucasian man but present in sun protected area. But, Ortonne and Marks [40] observed large quantities of abnormal thickened Anat Cell Biol 2017;50:187-199 197 www.acbjournal.org elastic fibers "elastosis" in photo aged human. According to Ortonne and Marks [40] , the thickened elastic fibers "elastosis" resemble elastin biochemically, although it is disorganized and the proportion of several of its constituents is abnormal [37] . Elastosis might reveal abnormal synthetic activity of fibroblasts via cytokine released from epidermal keratinocytes [41] . As elastic fibers are responsible for the physiological elasticity and resilience of the skin, the degeneration of these fibers promotes the reduction of skin elasticity and wrinkle formation [42] .
Moreover, this study revealed disorganized dermal collagen bundles with spaces between them in nicotine treated groups. Similarly, Ortolan et al. [38] reported disorganization and fragmentation of collaged fibers in aged skin. This finding could attribute to the oxidative stress caused by nicotine. It was reported that the oxidative stress induced by tobacco smoking caused insufficient oxygen supply to the skin resulting in tissue ischaemia and blood vessel occlusion inducing matrix metalloproteinase 1, an enzyme that specifically degrades collagen. Moreover, fibroblasts were vulnerable to the accumulation of oxidized proteins following oxidative stress [43] . Collagen fibers in the dermis provide tensile strength to the skin [44] and its disorganization and fragmentation have been reported as the cause of wrinkle development [25] .
This study revealed accumulated intracytoplasmic lipid secretion in sebaceous glands of nicotine treated groups. In addition, various stages of apoptosis were observed in sebaceous gland cells especially with high dose nicotine. It was reported that tobacco smoking stimulates the production of androgen (male hormone), that signals the production of sebum in the sebaceous glands. As these glands produce more oil, pores are more easily clogged, resulting in inflammatory, often painful acne lesions [45, 46] .
Mast cells in the reticular dermis of nicotine treated groups in this study exhibited fewer intra-cytoplasmic granules. In agreement, Kindt et al. [47] and Mishra et al. [48] documented that nicotine suppresses mast cell function in human skin through the nicotinic acetylcholine receptors. Mishra et al. [48] suggested that nicotine affects the late degranulation phase of mast cell activation. Nicotine also affected the mast cell function in the lung [49] . It suppresses the allergen induced production of cysteinyl leukotrienes (LTC4) and inflammatory cytokines in animal models of allergic asthma [49] .
In conclusion, nicotine induced structural changes of adult male guinea pig thin skin. These changes were more pronounced with high dose nicotine administration.
